The single stage separation factor, a, for nitrogen isotope exchange between liquid N203 -N204-mixtures and their vapor has been measured at temperatures ranging from -76 °C to room temperature and pressures between 1 atm. and 7.4 atm.
1
W.SPINDEL and T.I.TAYLOR, J. Chem. Phys. 24, 626 [1956] ; Trans. N.Y. Acad. Sei. 19, 3 [1956] appears promising because of the fairly large single stage factor, a, which ranges from 1.035 at -14 c C to 1.016 at -f 14 °C, and because of the rapidity of the exchange. A small laboratory cascade consisting of two exchange columns of 2.5 and 3.0 m in length, operated at -9 °C and 1 atm. pressure proved sufficient to prepare 99.7% nitrogen-15 at rates between 0.3 and 0.5 g N 15 per day 4 .
A comparison of the present system with the NO -HNOg exchange system 1 , which is used for commercial preparation of N 15 , indicated that approximately equal volumes of column would be required for the same separation task in spite of a considerably lower a for the N203 -NO system.
A disadvantage of the N203 -NO system, in contrast to the HNOg -NO system, which can be operated conveniently at ambient temperature, is the necessity for refrigeration. Obviously, the usefulness of the N203 -NO system would be improved, if it could be operated at room temperature without decreasing the separation factor. Preliminary calculations indicated that this might be achieved by increasing the pressure of the system above atmospheric 5 . As an additional advantage, operation at higher pressure should reduce the effective stage height for a given throughput of material. Phys. Rev. 56, 1113 [1939 .
Chemical Composition of Mixtures of NO and N02
As pointed out earlier, isotope exchange between liquid and gaseous NO -N02 mixtures involves several exchange reactions, and the effective separa- The composition of the gas phase in terms of all the species NO, N02 , N203 and N204 can be obtained from the mole fraction of +4 nitrogen, x, for a given temperature and pressure. It is related to the partial pressures of N203, N204 , NO and N02 (pi, P2 J P3 J Pi) 5 the total pressure, p, and the dissociation constants of N203 and N204 (K1 and £2), by the set of equations:
2 Pi + 2 p2-fp3+p4
value of K2 used w r as that of WOURTZEL 17 .
With the help of equations (4) - (8) 
Experimental Method
The vapor pressure measurements of NO -N02 mixtures were carried out in a stainless steel vessel of about 80 cc volume, equipped with a stainless steel bourdon-type gauge. Known amounts of NO and N02 were mixed in a five liter bulb and then frozen with liquid nitrogen into the pressure vessel. The vessel was then warmed and surrounded by a constant temperature bath at 26 °C for the reading of the pressure. The composition of the liquid is related to the original amounts, n1 and n2 (in mg. atoms nitrogen) of NO and N02 , respectively by:
Here X, and x, have the same meaning as previously and a' is the total number of mg atoms nitrogen in the gas phase.
The gas phase was analyzed for its +4 nitrogen content by transferring a gas sample 80-100 cc. atm.) from the highpressure stainless steel vessel, into a calibrated glass vessel (about 250 cc.), which was maintained at liquid nitrogen temperature. Then a known amount of oxygen was introduced, to oxidize the NO. The pressure of N02 plus the excess oxygen was measured at room temperature, using a mercury manometer; the mercury was protected by a layer of a-bromonaphtalene. Finally after pumping off the excess oxygen, while holding bade the N02 at liquid nitrogen temperature, the pressure of the N02 alone was determined at room temperature. From the pressure measurements described above, the total amount of nitrogen in the gas sample and the net amount of oxygen required to oxidize the + 2 nitrogen can be determined. Thus, the mole fraction of +2 and + 4 nitrogen in each gas sample is found.
Results
The results of vapor pressure measurements between about 3 and 9.5 atm. as a function of the mole fraction, X, of the +4 nitrogen in the liquid phase at 26 °C, are shown in Fig. 1 The results of the gas analysis are presented in Thus, from our results it can be concluded that an extrapolation to higher vapor pressures of NO -N02 mixtures at room temperature according to equation (4) Further, from our gas analysis, in conjunction with earlier results 9 , it follows that the composition of the gas phase depends only on the liquid phase composition for any temperature and pressure.
Effective Isotope Fractionation Factor
The nitrogen isotope exchange between liquid NO -N02 mixtures and the vapor phase above these mixtures, was studied at -76 C and 1 atm. pressure, at -23 °C and 1 atm. pressure, and at room temperature and pressures ranging from 2 to 9.5 atmospheres.
Experimental Method
The equilibrations at -76 °C were carried out in a glass vessel of ~ 180 cc volume. Equivalent amounts of NO and N02 were transferred into the vessel, which was maintained at operating temperature with a bath of dry ice-trichlorethylene slush. More NO was added until the gas phase reached a pressure of 1 atm. The liquid N203 was stirred for periods of 1 to 12 days, after which time gas samples were withdrawn for isotope analysis. Finally, the liquid and remaining gas were evaporated into a large bulb, from which samples were taken to determine the isotopic composition of the combined phases.
For the equilibrations at -23 °C, a jacketed reaction vessel (150 cc volume) was used, and temperature control was achieved by circulating a refrigerated coolant.
The equilibrations at elevated pressures were carried out in the stainless steel vessel described above. Known amounts, nx and n2, of NO and N02 were frozen into the vessel with liquid nitrogen, so as to yield the desired pressure. The vessel was warmed to room temperature and shaken for periods of 1 -4 days to ensure attainment of isotopic equilibrium. The sampling procedure for isotope analysis was the same as for the low temperature experiments. All isotope samples were reduced to elemental nitrogen at 750 °C in a fused silica tube, filled with a mixture of copper and copper oxide. The isotope ratios were measured in a Consolidated-Nier mass spectrometer, Model 21-201.
Results
The results of the equilibrations at -76°, -23° and 23 °C are shown in Tables 1, 2 Table 3 . Single stage separation factor, a, at +23 °C and elevated pressures.
Discussion and Summary
The results of the equilibrations may be compar- Table 4 . The values in the upper section of Table 4 refer to (1 jn) In /, where n is the number of exchangeable nitrogen atoms and / is the partition function ratio of the fully isotopically substituted molecules 19 .
The substitution of K13 112 in equation (11) The mole fractions m; in the gas phase were calculated using equations (5) The experimental values, at -9 c C and -14 °C in and rises according to the quantum statistical temperature dependence of K13 . At room temperature, the "pure" N203 -NO system is approached with increasing pressure, where the single stage factor, a, becomes almost insensitive to changes in pressure.
The high value of a = 1.030, found at 23 °C and a pressure of about 7 atm. enhances the usefulness of the N203 -NO system for separating the nitrogen isotopes, since it eliminates the need for refrigeration. In addition, it can be hoped that the higher temperature would decrease the stage height of exchange columns, and that high pressure operation would permit a larger throughput of material.
